Abstract The significance of morphological variation in the axillary border among Pleistocene and recent humans has been considered for nearly a century, with the high frequency of the dorsal sulcus pattern in the Neandertal lineage receiving particular attention. Although usually considered an epigenetic trait, or phylogenetic marker, the variation has also been related to functional demands on the shoulder region. The Kiik-Koba 2 infant Neandertal scapula, as one of the developmentally youngest ones known, exhibits a smooth ventral surface, a ventral displacement of the lateral margin, a prominent dorsal bar, and a dorsolateral sulcus along the border. This configuration is best seen as an incipient dorsal sulcus pattern, and given the young age-at-death of Kiik-Koba 2, supports the epigenetic trait interpretation of the morphological variation.
Introduction
One of the features that has been noted for almost a century to be distinctive of the western Eurasian Neandertals is a form of the middle of the axillary border of the scapula in which (a) the lateral border is ventrally located, (b) there is a variably prominent bar along the dorsal side of the axillary margin, and (c) there is a prominent dorsolateral sulcus that runs between the lateral margin and the dorsal bar. Known as the dorsal sulcus pattern, or the sulcus axillaris teretis (Eickstedt, 1925) , it continues to figure prominently in discussions of Neandertal scapular morphology, phylogeny, and functional anatomy (e.g. Churchill, 1996; Carretero et al., 1997; Moran and Chamberlain, 1997; Franciscus and Schoenebaum, 2000; Busby, 2006; Odwak, 2006; Trinkaus, 2006a Trinkaus, , 2007 . In particular, there is ongoing discussion as to whether the dorsal sulcus pattern that achieves its highest frequency among the Neandertals (but is present among both their predecessors and successors-see Table 1 ) is best seen as a reflection of shoulder functional anatomy or more appropriately as an epigenetic marker. In this discussion, there has been reference to its ontogenetic patterns (e.g. Vlcek, 1973; Heim, 1982a; Madre-Dupouy, 1992; Tillier, 1999; Kondo and Dodo, 2002; Busby, 2006; Trinkaus, 2006b) , but the scarcity of data on pre-juvenile Neandertal axillary borders has limited such inferences. The right scapula of the very young Kiik-Koba 2 partial skeleton, however, is sufficiently preserved to provide some perspective on this issue.
A little history on the axillary border
The first mention of variation in the human scapular axillary border is probably that of Testut (1889) , in which he described what is now known as the bisulcate pattern in the Magdalenian Chancelade 1 skeleton. Subsequently, LeDouble (1896) noted a recent human scapula with a dorsal sulcus pattern, but he considered it to be an anomaly. The earliest description of a Neandertal scapula (Klaatsch, 1901) noted the thickness of axillary border but did not comment on its sulcal pattern. It was Boule (1911-13) who first noted that the La Ferrassie, Feldhofer, and (based on GorjanovicKramberger, 1906) Krapina Neandertal scapulae largely presented a dorsal sulcus pattern (La Chapelle-aux-Saints 1 does not preserve either scapula). Subsequently, Schwalbe (1914) provided a detailed description of the Feldhofer 1 scapular axillary border, noting (as had Boule) that the variation was associated with the insertions of rotator cuff muscles and with teres minor in particular. GorjanovicKramberger (1914) also provided extensive morphological details on the large Krapina scapular sample (see Smith (1976) and Trinkaus (2006b) for further descriptions of the Krapina scapulae).
Subsequently, Eickstedt (1925) attempted to systematize the morphology to three basic forms (sulcus axillaris teretis, sulcus axillaris subscapularis, and an intermediate form, facies axillaris bisulcata), although he noted that there was continuous variation in the observed patterns. He also documented the presence but low frequency of the first pattern among modern humans and the dominance of the second pattern (see Table 2 ). Through the middle half of the 20th century, descriptions of Late Pleistocene scapulae increasingly noted their axillary border configurations (e.g., Fraipont, 1927; Vallois, 1928-46; Matiegka, 1938; McCown and Keith, 1939; Stewart, 1962; Endo and Kimura, 1970; Billy, 1975; Smith, 1976) , increasingly reinforcing the impression of a dominance of the dorsal sulcus pattern among the Neandertals and of the bisulcate pattern among early modern humans, but noting both the presence of variation among the Neandertals and the occurrence of the dorsal sulcus pattern among Upper Paleolithic modern humans. These data have been supplemented more recently by additional descriptions of Middle and Late Pleistocene human scapulae (e.g. Heim, 1982b; Trinkaus, 1983 Trinkaus, , 2006c Vandermeersch, 1991; Carretero et al., 1997; Condemi, 2001) . Furthermore, Churchill (1994) has tried to refine the description of axillary border morphology, noting appropriately that the commonly employed three-part rank order scale of Eickstedt does not capture the continuous variation of the region.
In 1977 (see also Trinkaus and Howells, 1979) , I proposed, building on the early associations of the region with the rotator cuff muscles, that variation in the axillary border shape could be the product of differential hypertrophy of teres minor. It was noted that most of the primary thoracohumeral and scapulohumeral muscles (pectoralis major, latissimus dorsi, teres major, anterior deltoideus, and subscapularis) are medial rotators of the humerus, whereas only Samples for the early Homo, OIS 6/5, and Late Pleistocene scapulae include late juvenile and adolescent specimens, as well as mature scapulae. The other samples contain only adults. Data from personal observation unless otherwise referenced.
1 The axillary border morphology is divided into three general categories following Eickstedt (1925) so as to include as many comparative samples as possible. The more detailed systems of Eickstedt (1925) and the seven-part system of Churchill (1994) better characterize the continuous variation of the region, but their finer distinctions are sometimes difficult to make on fragmentary scapulae.
2 Data from Carretero et al. (1997) .
3 Sts-7, Stw 431, AL 288-1 (Senut, 1981; Johanson et al., 1982) . 4 KNM-WT 15000, Dmanisi 4166 (Walker and Leakey, 1993; Jashashvili, 2005) . I (Trinkaus, 1995) previously noted that KNM-ER 1808 had a dorsal sulcus, based on a personal communication (see also Carretero et al., 1997) ; however, this has not been confirmed, and the inventory of the specimen (Leakey et al., 1978) does not mention a scapula.
5 Sima de los Huesos (Atapuerca) (Carretero et al., 1997) .
6 Krapina (Trinkaus, 2006b ), Bourgeois-Delaunay 2 (Condemi, 2001) , and Tabun 1. 7 European and southwestern Asian earlier Upper Paleolithic, plus Minatogawa (Baba and Endo, 1982) . Churchill (1994) ; his categories 1 and 2 are combined as 'ventral', 3-5 as 'bisulcate', and 6 and 7 as 'dorsal'. 2 Data from Trinkaus (1977) . 3 Data from Carretero et al. (1997) . 4 Data from Dittner (1976) . 5 Data from Eickstedt (1925) . 6 Data from Franciscus and Schoenebaum (2000) . 7 Data from Chambers (1992) . 8 Data from Moran and Chamberlain (1997) .
posterior deltoideus, infraspinatus, and teres minor act as lateral rotators. Given the need for appropriate antagonistic and synergistic muscles for proper joint function (Levangie and Norkin, 2005) , it was hypothesized that the dorsal sulcus pattern reflected teres minor hypertrophy to counteract the hypertrophy of especially pectoralis major, as reflected in the pronounced tuberosities on Neandertal proximal humeral diaphyses. The greater frequency of the more dorsal sulcus pattern on the right side in recent human cases of bilateral asymmetry (Trinkaus, 1977) was used to support this interpretation (Chambers (1992) and Franciscus and Schoenebaum (2000) found a similar asymmetry pattern).
Subsequently, I (Churchill and Trinkaus, 1990) questioned whether one could reliably infer muscle hypertrophy from the shape and markings on the axillary border. It was suggested that variation might be related to bending moments on the scapula. However, three analyses (Churchill, 1996; Franciscus and Schoenebaum, 2000; Odwak, 2006) have failed to find a clear link between the dorsal sulcus pattern and various measures of upper limb robusticity. The only pattern to emerge is that the bisulcate pattern is associated with thicker axillary borders.
In addition, analyses have increasingly documented that the ventral sulcus pattern is the ancestral form. It is universal among at least Catarrhine primates, including the African apes (Boule, 1911-13; Schwalbe, 1914; Fraipoint, 1927; Carretero et al., 1997 ) (see Table 1 ). It is present in the few Australopithecus scapulae known, as well as among Early Pleistocene Homo (Table 1) . It is only in the Middle Pleistocene of western Europe (Atapuerca-SH) that the dorsal pattern appears to emerge (Carretero et al., 1997) .
Ontogenetic assessments of Neandertal axillary border morphology have consisted of attempts to discern when distinctive morphological patterns might have emerged during development (e.g., Busby, 2006) and what form they take among the Neandertals when they do (Vlcek, 1973; Heim, 1982a; Kondo and Dodo, 2002; Busby, 2006; Trinkaus, 2006b) . The consensus from these analyses of Late Pleistocene and recent human immature scapulae is that (a) the distinctive ventral or dorsal sulci, or even the lateral crest, do not appear prior to ~3-5 years postnatal, and (b) very young Neandertal axillary borders are distinguished principally by a greater dorsoventral thickness. Given the potential for functional hypertrophy of the appendicular skeleton by the early juvenile years (see Trinkaus and Ruff, 1996; Cowgill et al., 2007) , the later ontogenetic appearance of these axillary border patterns leaves their functional versus epigenetic foundations unclear.
Kiik-Koba 2
In the context of this century of considerations of axillary border morphology, reanalysis of the Kiik-Koba 2 infant postcranial remains provides some insight.
The site of Kiik-Koba
The site of Kiik-Koba in the Crimea (45°03′ N, 34°18′ E) was excavated by Bonch-Osmolovskii in 1924-26, during which he uncovered three Middle Paleolithic levels (Levels III, IV, and VI), the deepest Level VI resting on bedrock (Bonch-Osmolovskii, 1940) . Level III was overlain by a largely sterile deeper portion of Level II, and Levels IV and VI were separated by a largely sterile Level V. The site provided abundant evidence for anthropogenetic alterations, including hearths, shallow pits, deep pits and burials. The Kiik-Koba 1 adult was buried in a depression, which was excavated through Level VI and apparently into the underlying limestone. The Kiik-Koba 2 infant was buried in close proximity to the adult in a separate grave, similarly excavated through Level VI but covered by higher Middle Paleolithic levels.
On the basis of the Middle Paleolithic (Kiik-Koba Mousterian) association of the burials and the presence of both temperate and cold climate fauna (e.g. Sus, Cervus, Saiga, and Marmota in Levels IV and VI, plus Rangifer in Level IV), the burial level of Kiik-Koba 1 and 2 has been attributed to the early last glacial or possibly late last interglacial (early OIS 4 or late OIS 5) (Bonch-Osmolovskii, 1940; Klein, 1965) .
The Kiik-Koba human remains
Kiik-Koba 2, as well as Kiik-Koba 1, have clear morphological affinities to the Neandertals of western Eurasia, including known or biomechanically inferred body proportions, pollical anatomy, tibial morphology, talar proportions, and pedal phalangeal proportions (Vlcek, 1973 (Vlcek, , 1975 (Vlcek, , 1977 Trinkaus, 1975; Trinkaus and Hilton, 1996; Trinkaus and Rhoads, 1999) . Of these features, principally the body proportions and the pollical anatomy indicate Neandertal affinities, the remainder of the features being generally shared with archaic Homo (Trinkaus, 2006a) .
The Kiik-Koba 2 remains consist of major portions of the postcranial skeleton, including some rather complete long bones, hand remains, pelvis, and scapula; it was described in detail by Vlcek (1972 Vlcek ( , 1973 Vlcek ( , 1975 Vlcek ( , 1977 . The remains represent a very young child. Based on comparisons of estimated stature to recent humans, Vlcek placed Kiik-Koba 2 in the middle of first year postnatal (5-7 months). The intermetaphyseal length of the left femur (~100 mm; 96 mm preserved plus estimated additions of 1 mm distally and 3 mm proximally due to damage) provides a model age of 3 months postnatal, and its ulnar intermetaphyseal length of 72 mm (minor abrasion to the metaphyses) provides an identical age-at-death (Scheuer and Black, 2000) . Comparison to shorter recent human samples than the European and Euroamerican ones of Vlcek (1973) and Scheuer and Black (2000) is not likely to significantly increase its estimated age-at-death.
The Kiik-Koba 2 scapula
In his description of the largely complete right scapula (Figure 1 ), Vlcek noted (1973: p. 543 ) that "the axillary border is thicker and there is a suggestion of the development of sulcus marginalis." However, he did not make clear whether the sulcus was ventral or dorsal, and the term sulcus marginalis (or sulcus axillaris) has been used (e.g. Schwalbe, 1914; Eickstedt, 1925) to refer to either location of a sulcus.
The axillary border region of the Kiik-Koba 2 scapula retains a complete ventral surface and lateral margin, as well as a complete dorsal bar (Figure 1 ). There is a fossilized longitudinal break between the lateral margin and the dorsal bar, the piece retaining the dorsal bar has been reattached to the remainder of the scapula, and there is wax filling the missing portions of bone. However, (1) there is excellent contact between the piece of the infraspinatus surface and the dorsolateral surface adjacent to the lateral spine and glenoid fossa metaphysis; (2) there is no distortion with respect to the mediolateral position of the dorsal bar relative to the ventral axillary margin; and (3) small pieces of bone remain between the dorsal bar and the ventral margin, especially through the middle of the axillary border. Therefore, even though there is damage with some filling of missing bone with wax along the sulcus, the damage and its restoration do not affect the morphological interpretation of the anatomical region.
In the middle of the axillary border, the ventral surface from the lateral margin to the subscapularis surface is smooth and gently convex mediolaterally. The lateral margin is either at the ventral side of the axillary border or ~75% of the distance from the dorsal to the ventral sides of the border; the precise assessment depends upon how one orients the scapula. Dorsal of the lateral margin, the bone has a distinctly concave longitudinal sulcus, which is evident from just caudal of the infraglenoid tubercle for triceps brachii to the caudal break of the bone at the cranial end of the teres major attachment area. The lateral margin then rounds onto the dorsally convex dorsal bar and medially onto the laterally largely intact infraspinatus surface.
The configuration of the Kiik-Koba 2 axillary border is therefore developed beyond the generally convex cross-section previously described for very young (< 3 years postnatal) Neanderthals (e.g. Kondo and Dodo, 2002) and the minimally developed axillary border morphology documented by Busby (2006) for very young recent humans. Kiik-Koba 2 reveals a clear lateral margin and a clear sulcus along the margin. It is distinct from the ventral sulcus pattern, both in terms of the position of the lateral margin and the presence of a dorsal concavity. It is also difficult to subsume it within the bisulcate pattern. It can only be categorized as an incipient dorsal sulcus pattern, with or without the lateral margin fully ventral. In the system of Churchill (1994) , it would probably be classified as stage 6, although one could argue that it represents stage 7 given a change in the orientation of the bone. These observations therefore confirm Vlcek's description of a sulcus marginalis on the axillary border and clarify that it is on the dorsal, and not the ventral, side.
Discussion
Research during the 20th century and beyond (Tables 1  and 2 ) has clearly documented that the ventral sulcus pattern of the scapular axillary border is both the ancestral human form and the dominant one for recent humanity. In addition, the intermediate bisulcate pattern is the most frequent form among early modern humans, and it maintains frequencies between ~2% and ~37% across recent human samples. The dorsal sulcus pattern emerges among Neandertal-lineage humans in western Eurasia during the Middle Pleistocene, it attains frequencies of ~65% to ~75% among earlier and later Neandertals (including the Initial Upper Paleolithic SaintCésaire 1), and then decreases generally in frequency among successive western Eurasian samples. Even though the dorsal sulcus pattern attains a frequency of almost 12% in one recent human sample and > 6% in three others, it is generally rare, if commonly present, in more recent human samples.
In addition, considerations of immature fossil and recent human scapulae have shown that the basic adult pattern, if less exaggerated than among the adults, is present in individuals by the age of 3-5 years. It has not be possible to demonstrate clearly the distinctive mature patterns among younger individuals, since the La Ferrassie 4 and Dederiyeh 1 infant scapulae are moderately thick but lack clear evidence of any sulci, and the Roc de Marsal 1 scapula is too eroded to be clear (Heim, 1982a; Madre-Dupouy, 1992; Kondo and Dodo, 2002) . The Kiik-Koba 2 scapula, deriving from an associated skeleton < 1 year old, and probably ≤ 0.5 years old, exhibits the incipient stages of the dorsal sulcus pattern, including the gently rounded ventral surface, the ventrally displaced lateral margin, a dorsal longitudinal sulcus, and a prominent dorsal bar.
It is possible that the appearance of these axillary border features in the Kiik-Koba 2 infant scapula is merely an anomaly, given the generally later appearance in development of these features in both Neandertals and recent human samples. However, there are no signs of abnormalities in the other, relatively well-preserved Kiik-Koba 2 postcranial remains, including right humerus, radii, ulnae, and hand bones (Vlcek, 1973; personal observation) . It is therefore more likely that this represents normal variation in the emergence of these features, variation which Busby (2006) has documented for juvenile scapulae.
Since the Kiik-Koba 2 individual is unlikely, given its infantile age, to have developed its axillary border morphology through physical activity, this observation provides further support for an epigenetic basis for variation in this trait. As suggested by the functional analyses of Churchill (1996) and Franciscus and Schoenebaum (2000) and by Moran and Chamberlain (1997) with respect to their geographically isolated sample, variation in the axillary border sulcal pattern may well be distinct from any scapular hypertrophy. As such, it should be of relevance for more strictly phylogenetic analyses (e.g. Frayer, 1992; Trinkaus, 2007) . Nevertheless, it remains open whether overall distributions of bone in the axillary border, in the context of varying scapular, clavicular, and thoracic proportions, might reflect differential muscular hypertrophy.
Conclusion
The infantile Kiik-Koba 2 Neandertal scapula exhibits the distinctive dorsal sulcus pattern of the axillary border seen principally among Neandertal lineage adolescents and adults. Its appearance in so young an individual adds support to the inference that this pattern is principally epigenetic in nature, and that it should be so employed in skeletal and paleontological analyses.
